Sulfated polysaccharides (SP) of brown algae (Phaeophyta) are composed mainly of α-L-fucose, being classified as fucans, with recognized role in inflammation but not in nociception, which was already described for SP obtained from red algae. Here the SP of the brown marine alga S. schroederi (named Ss-SP) was isolated and assayed for the antinociceptive effect. Ss-SP was isolated by DEAE-cellulose, analyzed by agarose gel electrophoresis and evaluated in nociception models (Formalin, Hot plate, Von Frey) using Swiss mice (20-25g). Anion exchange chromatography provided four major fractions being F1 (Ss-SP) that of highest metachromatic activity and sugar content. Ss-SP inhibited both phases of the formalin test. In the first phase the paw licking (55.2±8.07s) was reduced by 45% (30.5±6.51s) and 40% (32.85±8.66s) at 0.1 and 1 mg/kg, respectively. In the second phase, Ss-SP was also inhibitory about 39%, but only at 1 mg/kg (83.0±15.70s) compared to formalin (136.8±10.27s). This inhibitory effect suggests a mixed mechanism similar to morphine, which was not confirmed in the hot plate test, a model of pain associated with central neurotransmission. However, Ss-SP reduced the animal reaction in response to stimulation withVon Frey filament at the 2nd and 3rd h (20.8±6.86% versus carrageenan: 47.9±5.83%; 33.3±7.71% versus carrageenan: 62.5±9.83%). Accordingly, the paw edema induced by carrageenan (0.08±0.01g) was potently reduced in 45.35% by Ss-SP pre-treatment (0.02±0.003g), corroborating the anti-inflammatory activity demonstrated for brown seaweed polysaccharides. In conclusion our data revealed for the first time the antinociceptive effect of Ss-SP which could be used as a new source of analgesic substances.
Sulfated polysaccharides (SP) are widely distributed in nature, being found at high content in marine algae and express biological activities of potential applicability. SP found in red algae (Rodophyta) present galactose as the most representative sugar, while SP encountered in green algae (Chlorophyta) contain D-mannose and galactose [1] and those present in brown algae (Phaeophyta) are composed of α-L-fucose as its major monomer, being classified as galactans, arabinogalactan and fucans [2, 3] , respectively. The role of polysaccharides of brown algae in inflammatory processes has been already demonstrated. Fucans of high molecular weight inhibit the venular leukocyte rolling and the endothelial lymphocyte adhesion induced by zymosan [4] and those extracted of brown algae inhibit the human complement system in vitro [5, 6] , edema formation and leukocyte migration in vivo [7, 8] .
A sulfated galactofucan obtained from the brown seaweed Spatoglossum schroederi is composed of a central core of 4-linked, partially 3-sulfated -galactose units [9] with approximately 25% of oligosaccharide branches formed by nonsulfated -xylose and 3-sulfated -fucose residues linked to the O-2 position [9] . In particular, this galactofucan possesses potent antithrombotic activity in vivo with no hemorrhagic or anticoagulant effects [10] . In addition, it was shown to inhibit Chinese hamster ovary cell adhesion to several extracellular matrix proteins [11] . The role of SP in nociception had been already described for those obtained of red algae [12, 13] , but little is known about that obtained from brown algae. Thus, in the present investigation a sulfated polysaccharide of the brown marine algae S. schroederi was isolated and assayed for the antinociceptive and antiedematogenic effect in mice models.
The chromatogram profile of the three-time extraction of total polysaccharides (TP) was slightly different (data not shown). Anion exchange chromatography of the first extraction separated TP into four major fractions ( Figure  1A ) but, from all extractions, fraction 1 (F1 -named Ss-SP) showed the highest metachromatic activity and sugar content. Agarose gel electrophoresis of TP and Ss-SP presented similar pattern of migration with polydisperse bands of different mobilities ( Figure 1B ). The brown seaweeds Dictyota mertensis, Padina gymnospora and Sargassum vulgare contain three main SP well characterized as fucans with distinct electrophoretic mobilities [14] . Also, three similar fucans of S. schroederi were already isolated, being fucan A purified and characterized [14] . Probably, Ss-SP contains fucose residues in its molecular structure.
Ss-SP inhibited both phases of the formalin test. In the first phase (P1) the paw licking (55.2±8.07 s) was reduced by 45% (30.5 ± 6.51 s) and 40% (32.85 ± 8.66 s) at 0.1 and 1 mg/Kg, respectively (Figure 2A ). In the second phase (P2), Ss-SP was also inhibitory about 39%, but only at 1 mg/kg (83.0 ± 15.70 s) compared to formalin (136.8 ± 10.27 s). As expected, the control morphine inhibited both P1 (7.7 ± 2.3 s) and P2 (2.0 ± 2.0 s). The formalin test involves different nociception mechanisms and can be suppressed by morphine-like drugs. P1 (neurogenic) results from direct chemical stimulation of myelinated and largely unmyelinated nociceptive afferent C fibers [21] and P2 (inflammatory) is characterized by functional changes in neurons of the spinal dorsal horn or as a response to inflammatory mediators (prostaglandins, serotonin, histamine and bradykinin) in peripheral tissues [17] [22] . It is traditionally accepted that opiates produce antinociception exclusively via central mechanisms, but studies have indicated that they also produce antihyperalgesia and antiallodynia in peripheral sites [24, 25] . Besides, some authors believe that the first phase of the formalin test is also a consequence of local inflammation [26] . The hyperalgesia evoked by carrageenan is a combination of effects resulting from the release of cyclooxygenase (COX-2) products and sympathomimetic amines that is preceded by the cytokine cascade [27] . Treatment of Ss-SP 30 min before injection of carrageenan reduced the animal reaction in response to mechanical stimulation by Von Frey filament at the 2nd (20.8± 6.86% versus carrageenan: 47.9 ± 5.83%) and 3rd hours (33.3 ± 7.71% versus carrageenan: 62.5 ± 9.83%) ( Figure 2B ). These data demonstrate the antihyperalgesic activity of Ss-SP in a model of inflammatory pain that corroborate the inhibition observed in the second phase of formalin test. Accordingly, the paw edema induced by carrageenan (0.08 ± 0.01 g) three hours after injection was potently reduced in 45.35% by Ss-SP pre-treatment (0.02 ± 0.003 g) ( Figure 2C ), corroborating the anti-inflammatory activity demonstrated for brown seaweed polysaccharide [7, 8] . In conclusion our data revealed the antinociceptive effect of a sulfated polysaccharide obtained of the brown alga S. schroederi which could be used as a new source of analgesic substances.
Experimental

Extraction and purification of SP:
The brown marine alga S. schroederi (Phaeophyta, Dictyotales) was collected in the Pacheco beach of Caucaia, Ceará-Brazil and classified by Dr. Wladimir R. L. Farias. After cleaned, dehydrated and cut into small pieces, algae dry tissue (5 g) was suspended in 0.1 M sodium acetate buffer (1:50; w/v; pH 5.0), containing 17 mL papain (30 mg/mL), 5 mM ethylenodiaminotetracetic acid (EDTA) and cystein (60°C, 24 h). The mixture was filtered, centrifuged (7965 × g; 25 min; 4ºC), supernatant precipitated with 16 mL of 10% cetylpyridinium chloride (CPC) and left at r.t. for 24 h, which was centrifuged and pellet washed with 500 mL of 0.05% CPC, dissolved in 250 mL of 2 M NaCl:ethanol (100:15 v/v) and precipitated with 300 mL of absolute ethanol. After 24 h at 4°C, the precipitate was collected by centrifugation, washed twice with 250 mL of 80% ethanol, and once with same volume of ethanol. The precipitate containing TP was dried at 60°C for 24 h [14] . The algal residue was submitted to three additional extractions yielding 38.4% (dry weight).
TP were dissolved (1:2 w/v) in 50 mM sodium acetate pH 5.0 and applied to DEAE-cellulose column (9.0 x 2.0 cm) equilibrated in the same buffer. Elution was performed in the equilibrium buffer by step-wise (0.5, 0.7-1.6 M NaCl). Fractions were collected for detection of SP by metachromatic reaction [15] and total sugar by Dubois [16] . Briefly, metachromatic reaction was performed by mixing 200 µL of each fraction with a 1 mL DMB solution (0.46 mM 1,9-Dimethyl-methylene blue + 40 mM Glycine + 40 mM NaCl in 9,5 mM HCl) and for Dubois assays 50 µL of each fraction were diluted in 350 µL distilled water and mixed with 20 µL 80% re-distilled phenol and 1 mL of H 2 SO 4 for a 30 minutes reaction. Metachromatic and Dubois reactions were read in a Pharmacia specterphotometer at 525 and 490 nm, respectively. Twenty micrograms of TP and major fraction (F1 named Ss-SP) of the first extraction, were applied to a 0.5% agarose gel (120 min, 80 V) in 0.05 M 1,3-diaminopropane:acetate pH 9.0. SP were fixed with 0.1% N-cetyl-N,N,Ntrimethylammonium bromide. After 24 h, gel was dried and stained with 0.1% toluidine blue in acetic acid:ethanol:water (0.1:5:5 v/v) [13] . Hot-plate test: Animals were placed over a hot plate at 55+0.5 º C up to 25 s [18] . The reaction latency of thermal stimuli (time displayed before appearance of licking, shaking hind paws or jumping) was recorded immediately before and after 30, 60-150 min of treatment with saline, Ss-SP (1 mg/kg; i.v.) or morphine (13.3 µmol/kg; s.c.), a nonselective agonist of opioid receptors.
Von Frey: Animals were placed individually in testing chambers with access to the ventral surface of hind paws [19] . After acclimatized, hyperalgesia was determined by the frequency of withdrawal of the right hind paw in response to 6 applications (0.08) g of Von Frey filament before (basal value) and 1, 2 and 3 h after carrageenan (300 g/paw; s.c.). Ss-SP (1 mg/Kg) or saline were injected i.v. 30 min before carrageenan. Later, both hind paws were cut at the ankle and weighed for evaluation of edema.
Statistical analysis:
Results are presented as mean ± S.E.M. One-way analysis of variance (ANOVA), followed by the Bonferroni or Tukey t-test. Values of p < 0.05 were considered significant.
